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ABSTRACT
The Telescope Array (TA) has observed a statistically significant excess in cosmic-rays with en-
ergies above 57 EeV in a region of approximately 1150 square degrees centered on coordinates
(R.A. = 146.7, Dec. = 43.2). We note that the location of this excess correlates with two of the
28 extraterrestrial neutrinos recently observed by IceCube. The overlap between the two IceCube
neutrinos and the TA excess is statistically significant at the 2σ level. Furthermore, the spectrum
and intensity of the IceCube neutrinos is consistent with a single source which would also produce the
TA excess. Finally, we discuss possible source classes with the correct characteristics to explain the
cosmic-ray and neutrino fluxes with a single source.
Subject headings: (ISM:) cosmic rays — gamma rays: theory — gamma rays: observations
1. INTRODUCTION
The Telescope Array (TA) experiment is the largest
hybrid detector in the northern hemisphere advancing
the effort to understand the sources of ultra-high energy
cosmic rays (UHECRs). The TA collaboration recently
reported an analysis of five years of data measured by the
surface detectors in which they find a cosmic ray hotspot
with 5.1σ significance within 20◦ radius circle centered at
R.A. = 146.7, Dec. = 43.2 (post trial chance probability
3.4σ) (Abbasi et al. 2014). If this signal is real, it may
signal the first detection of an ultra-high energy cosmic-
ray (UHECR) point source in the universe.
Additionally, the IceCube collaboration recently re-
ported the first detections of extraterrestrial neutri-
nos with energies above 30 TeV (IceCube Collaboration
2013). These 28 events are distributed across the sky and
are currently consistent with an isotropic distribution,
although an excess of marginal statistical significance is
detected in the southern hemisphere. The effective area
of the southern sky is much larger for the IceCube de-
tector, due to the fact that the Earth is opaque to very
high energy neutrinos. The effective area of the southern
sky is roughly double that of the North at an energy of
100 TeV, and roughly three times as large at an energy
of 1 PeV. Additionally there are significant atmospheric
backgrounds in the southern hemisphere due to muon
showers, which are not present in the north. Due to these
facts, 24 of the 28 IceCube neutrinos have best fit posi-
tions in the southern hemisphere, and the effective area
of IceCube is relatively small in the region surrounding
the TA excess. Interestingly, two high energy neutrinos
observed in the northern hemisphere are found in a sim-
ilar region as the TA source, out of only four neutrinos
observed throughout the northern hemisphere (Fig. 1).
High energy neutrinos and UHECRs are known to be
tightly connected. In addition to EeV cosmogenic neutri-
nos generated during the UHECR propagation from the
source to the earth, TeV - PeV high energy neutrinos can
be produced when cosmic rays interact inside the source,
if the source has a dense photon background (e.g., AGNs
(Stecker et al. 1991; Murase et al. 2014), GRBs (Murase
& Ioka 2013)) or hadron background (e.g., newborn pul-
sars (Fang et al. 2012)); and (or) in the source’s local en-
vironment (e.g., galaxy clusters/groups and star-forming
galaxies (Kotera et al. 2009; Murase et al. 2013)).
Here we test the correlation between the excess ob-
served by TA and the two spatially coincident events
observed by IceCube. We employ Monte Carlo statistics
to demonstrate that the overlap between these two ex-
cesses is statistically significant at the 2σ level. We then
examine the spectrum of the neutrino signal, and find
that while huge uncertainties are present, the signal is
consistent with that observed in UHE. Finally, we note
that the single source that hosts both the UHECR and
neutrino excesses could be a star-forming galaxy.
2. THE SPATIAL COINCIDENCE OF ICECUBE EVENTS
The hotspot observed by TA can be modeled as an
ellipse which stretches approximately from an R.A. of
125◦-170◦ and a dec. of 20◦ – 65◦(Abbasi et al. 2014) (in-
dicated as a red circle in Fig. 1). This covers an area on
the sky of 0.38 sr. We can compute the probability that
two IceCube neutrinos land within this target region.
We note that the IceCube collaboration published in-
strumental effective areas for both northern hemisphere
and southern hemisphere searches. They find the effec-
tive area in Northern hemisphere searches to fall approx-
imately a factor of 2–3 below that of Southern hemi-
sphere searches, a fact consistent with the observation of
24 neutrinos in the southern hemisphere and only 4 in
the Northern hemisphere.
While the effective area of IceCube likely has a com-
plicated spatial dependence, we assume that the effective
area is constant within the Northern Hemisphere. While
this assumption is naive, the primary contribution to the
decreasing effective area in the Northern hemisphere is
the amount of matter a neutrino must travel through be-
fore reaching the IceCube detector. Thus, the first order
correction is that the northern hemisphere effective area
will be highest along the equatorial plane, and smallest at
high declination. Since the TA excess is centered around
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Fig. 1.— Sky map in equatorial coordinates of the 28 IceCube neutrinos (black circles) (IceCube Collaboration 2013) and Telescope
Array 5-year events with E > 57 EeV and zenith angle θ < 55◦ (red small circles) (Abbasi et al. 2014). The TA hotspot is indicated with
the 20◦ radius circle of the center of the excess.
dec. = 43.2◦, the first order correction to the effective
area in this region would be approximately 0, or perhaps
slightly negative, making our results conservative. Given
a flat effective area, we compute the probability for two
IceCube events to have central positions within the TA
hotspot to be 0.017, and we can thus reject the coinci-
dence of the IceCube events with the TA excess at 2.1 σ.
Including a 5th neutrino (corresponding to neutrino 5,
which is centered at a declination of only -0.4◦) dilutes
this result somewhat to 1.9σ. We note that additional
modeling of the IceCube effective area (as well as the ob-
servation of additional neutrinos) will further clarify or
rule out this enticing coincidence.
Furthermore, we note that the statistical correlation
between these IceCube neutrinos is also of interest. The
IceCube collaboration notes that the morphology of the
28 observed extraterrestrial neutrinos is consistent with
isotropy, although a slight excess is observed in the south-
ern hemisphere. However, this finding of isotropy does
not necessarily hold for any particular set of neutrinos,
once a specific region of interest is picked out a pri-
ori. Using the IceCube collaborations published error
ellipses for each of its recorded neutrinos, the probabil-
ity of two northern hemisphere neutrinos being located
within their 1σ error ellipses is 0.21 (0.8σ), while the
probability of two neutrinos being located closer than
the observed offset of 13◦ is 0.14 (1.1σ). Though neither
of these measures are statistically significant, the fact
that the two neutrinos also overlap the TA hotspot is
statistically interesting. Further data from the IceCube
experiment may be able to soon conclusively determine
whether there is an anisotropy in the IceCube neutrino
flux which is consistent with the TA excess.
3. THE ICECUBE NEUTRINO SPECTRUM
In addition to checking the spatial consistency of the
IceCube and TA data, it is worth checking whether the
spectrum and intensity of the neutrino events are consis-
tent with the TA excess. While constraints on the spec-
trum are extremely loose due to small-number statistics,
it is worth asking whether the intensities of each excess
are consistent, given theoretical models for the spectra
of each messenger. In order to calculate the neutrino
intensity, we partition the neutrino events into two en-
ergy bins: one which stretches from 30 TeV to 3 PeV,
and contains 2 events against a northern hemisphere as-
trophysical background of approximately 0 events and
a diffuse background of 0.22 events, which is calculated
based on the probability that an event from an isotropic
direction in the northern sky happens to land inside the
TA excess region. Additionally, we list a second energy
bin from 3 PeV to 10 PeV, which contains no events and
no background. Any flux yielding more than 2.3 events
in the high energy bin is thus excluded at more than 90%
confidence (Anchordoqui et al. 2014a).
Adopting the IceCube Northern Hemisphere effective
area and 662 days live time of detection, we find the
neutrino flux in the hotspot region to be (1.3 ± 0.9) ×
10−8 GeV cm−2 s−1, as indicated by the blue cross in
Fig. 2 (left). The null bin poses a loose limit because
IceCube has a relatively small effective area in North-
ern Hemisphere above 1 PeV. This upper limit can be
enhanced with the IceCube point source sensitivity at
the hotspot declinations, for muon neutrinos with energy
from 1 PeV to 1 EeV in E−2 spectrum, presented as the
black dash line in Fig. 2 (left) (Aartsen et al. 2013). We
note that these bins were picked in order to encapsulate
the entire extraterrestrial IceCube neutrino flux into a
single energy bin, and that it is difficult to calculate any
spectrum from this process as the choices in binning pa-
rameters greatly affects the calculated best fit spectrum.
Due to larger statistics, the flux of the TA excess can
be determined with greater statistical significance. The
TA hotspot contains 19± 4.49 out of the 72 TA highest
3Fig. 2.— (Left) The spectrum of a neutrino point source producing events within 20◦ of the center of the TA excess (blue crosses)
compared to the predicted neutrino flux (blue dash lines) given the UHECR intensity observed by TA (orange dash lines). We bin the
neutrino spectrum in a single energy bin stretching from 30 TeV - 3 PeV, which spans the entire range of the IceCube detected neutrinos,
and place an upper limit on the energy bin spanning 3–20 PeV. The red data point indicates the maximum GZK neutrino flux the UHECRs
could produce. (Right) The weighted probability that a neutrino source with a given spectral index provides only two neutrinos at 63 TeV
and 210 TeV, given the energy dependence of the IceCube effective area, along with 1σ and 2σ error bars for the best fit spectral index.
energy cosmic ray events, corresponding to a flux above
57 EeV of:
E2JH = E
2J(E)4pi
(
NH
N4pi
)(
4pi
Ω20◦
)(
A4pi
AH
)
= (4.4± 1.0)× 10−8 ( E1019.5 eV)−2.6 GeVcm2 s sr
(1)
where E3J4pi = 7.9 × 10−9 GeV cm−2 s−1 sr−1 is the
all-sky UHECR flux at 1019.5 eV(Kistler et al. 2013),
AH/A4pi = 1/2 (Telescope Array et al. 2013) and
NH/N4pi are the ratios of effective areas and event num-
bers between the hotspot region and all sky.
Over a distance D from source to our Galaxy, UHE-
CRs are expected to experience a deflection angle δθEG ≈
3 − 5◦ Z (D/100 Mpc)1/2 (E/100 EeV)−1 in a turbulent
extragalactic magnetic field (EGMF) with field strength
BEG ∼ 2 nG and coherence length λEG ∼ 300 kpc
(Miralda-Escude & Waxman 1996). The Galactic mag-
netic field (GMF) adds another δθG ≈ 1− 5◦ Z depend-
ing on the arrival direction of the events (Giacinti et al.
2010; Farrar et al. 2013). This is somewhat smaller than
the observed extent of the TA hotspot region. How-
ever, crossing the intergalactic magnetic field can fur-
ther enhance the deflection between the arrival direction
of super-GZK protons and the sky position of their ac-
tual sources to be ∼ 15◦ (Ryu et al. 2010). Additionally,
if the UHECR flux is dominated by higher-Z particles,
as suggested by data from the Pierre Auger Observatory
(Abraham et al. 2010; Aab et al. 2013), then the deflec-
tion angle would be enhanced by a factor of Z. Thus,
the large diffuse region of the TA hotspot is entirely con-
sistent with emission from a single bright point source.
Interestingly, we note that the existence of a single bright
UHECR source in the northern hemisphere could help el-
evate the tension between the chemical composition mea-
surements (Xmax and RMS-Xmax) of TA and Auger
(Abu-Zayyad et al. 2013). Specifically, while TA ob-
served a UHECR flux compatible with 100% protons,
observations by Auger indicate the presence of heavy
nuclei in the UHECR flux. If this bright UHE source
is a proton accelerator, it would strongly contribute to
the TA Xmax measurements, compared to the chemical
composition of the isotropic background. Alternatively,
if the source emits both light and heavy nuclei and if
the EGMF and GMF are intense, the protons from this
source will be less deflected by the magnetic fields, while
the heavy nuclei will be greatly deflected. This would
produce an overabundance in light nuclei in the TA re-
gion of interest (ROI), and an overabundance of heavy
nuclei in the Auger ROI. Future gamma-ray observations
of the hotspot region can help constrain the strength of
the magnetic fields in order to constrain the scenarios.
If the UHECR source powering the TA hotspot is at
large distance, cosmic rays above the GZK energy would
lose energy via photo-pion interaction on cosmic mi-
crowave background in their extragalactic propagation,
and produce cosmogenic neutrino flux up to E2νΦν =
3/8E2J(E)H fpi = (1.0 ± 0.2) × 10−9 GeV cm−2 s−1, as-
suming on average each pion takes 20% proton energy
and a maximum pion production rate fpi = 1. As the red
mark in Fig. 2 (right) shows, this flux level is well below
the high energy IceCube upper limits, suggesting that it
is consistent with both UHECRs and neutrinos emitted
by the same source.
In Figure 2 (right), on the other hand, we attempt
to constrain the spectrum of the neutrino source in a
bin-independent way. It is worth noting that the neu-
trino spectrum can be constrained not only from the two
observed events at 63 TeV and 210 TeV, but also by
the lack of detections at any other energy. We adopt
a flat prior on the spectral index and then produce a
4Fig. 3.— The fit of several astrophysical source classes (newborn
pulsar, GRB, star-forming galaxy) to the spectrum and intensity of
the IceCube neutrino flux (shown in blue), assuming a cosmic-ray
injection spectrum falling as E−2.2 and normalized at 57 EeV to
the UHECR intensity of the TA excess (shown in orange). Each
source class is found to be consistent with both the UHECR and
neutrino excesses assuming standard model parameters, which are
described in detail in the text.
Monte Carlo population of neutrinos for each spectral
index. Weighting the spectrum by the energy dependent
effective area of the IceCube experiment in the northern
hemisphere (IceCube Collaboration 2013), we calculate
the relative likelihood that emission spectra with varying
spectral indices would produce the observed data. Given
the existence of only two events, the constraints on the
spectral index are extremely loose, with value of 3.0, and
a 1σ (2σ) confidence interval of 2.35 – 3.95 (1.77 – 4.71).
Using this wide range of spectral indices, we can at-
tempt to determine whether the neutrinos observed at
TeV energies may be correlated with the UHECR ob-
served by TA. If we assume that all cosmic rays are ac-
celerated with the same mechanism with a single power-
law, to a zero-order approximation, the neutrinos would
be expected to follow the same spectral index till the
cosmic ray energy hits the pion production threshold.
In Figure 2 (left) we show blue dashed lines indicat-
ing the possible neutrino spectral indices for fits at our
1σ and 2σ confidence intervals, along-side orange-dashed
line indicating the corresponding cosmic-ray spectrum.
We note that while our neutrino data is centered around
a spectral index α = 3.0, cosmic-ray all-sky observations
by TA (Kistler et al. 2013) and KASCADE (Apel et al.
2013) disfavor indices softer than 3.0. A spectral index
between 2.0 and 3.0 is highly consistent with neutrino
and UHECR observations and produces a coherent pic-
ture for all data.
4. POSSIBLE SINGLE SOURCE SCENARIOS?
If the IceCube neutrinos and TA hotspot are indeed
related, then it is worth considering possible sources of
UHECRs which could produce both signals. While it
is possible that these sources are produced by an over-
density in extragalactic UHECR production in this di-
rection, the high fractional intensity of the TA excess
coupled with the relative smoothness of the Fermi-LAT
extragalactic γ-ray sky disfavor this scenario and instead
indicate emission from either a single bright UHECR
source, or possibly a handful of such sources (Abdo et al.
2010; Ackermann et al. 2012).
Any potential source of both the TA and IceCube ex-
cesses should be able to power both UHECRs and TeV-
PeV neutrinos. In addition, it should not overproduce
PeV-EeV neutrinos compared to the point-source limits
produced by IceCube (blue dash line in Fig 3). Below we
investigate a few possible scenarios in detail and summa-
rize them in Table 1.
Gamma-ray Bursts (GRBs) have long been suggested
as potential UHECR sources (see Me´sza´ros (2006) for re-
view), and high energy neutrino emission peaked around
PeV can happen when cosmic rays interact with fireball
photons (Waxman & Bahcall 1997; Murase & Nagataki
2006; Cholis & Hooper 2013; Liu & Wang 2013; Murase
& Ioka 2013). The non-thermal photon spectra of GRBs
can be described by a broken power law, n() ∝ −α
below the break energy b and n() ∝ −β above, with
α ∼ 1 and β ∼ 2. The photopion production efficiency
is
fpγ() = 0.2
Lγ,51
b,MeV Γ42.5 δtms
(2)
×
{
(/b)
β−1  ≤ b
(/b)
α−1  > b
(3)
for a GRB with luminosity Lγ,51 = Lγ/10
51erg s−1, bulk
Lorentz factor Γ2.5 = Γ/10
2.5 and variability time δtms =
δt/1 ms (corresponding to R = 2Γ2 c δ t ≈ 1013 cm).
A photon break energy in observer frame at b,MeV =
b/1 MeV corresponds to a break in neutrino spectrum
at Ebν = 7× 1014 Γ22.5 −1b,MeV eV.
The neutrino spectrum of a GRB can be approximated
by
Eν Φν =
3
8
fpγ ECR JCR (4)
∝

(Eν/E
b
ν)
β+1−s Eν ≤ Ebν
(Eν/E
b
ν)
α+1−s Ebν < Eν < E
c
ν
(Eν/E
c
ν)
α−1−s Eν > Ecν
(5)
Here Ecν = 2 × 1016 L−1/2γ,51 Γ42.5 δtms eV. This additional
break in the neutrino spectrum is caused by the syn-
chrotron cooling of charged pions in the magnetic field
of the dissipative fireball, and the ratio of synchrotron
cooling time to pion decay time gives a suppression fac-
tor ∼ E−2ν . Assuming an intrinsic cosmic-ray spectrum
E−2.2 normalized by the TA excess, a GRB with typical
parameters is capable to produce the neutrino excess (as
shown by the red dashed line in Fig 3).
Another possible channel of producing TeV-PeV neu-
trinos is via hadronuclear interaction (pp or Np) in
baryon-rich sources, including newborn pulsars (Fang
et al. 2012, 2013) and magnetars (Arons 2003; Murase
et al. 2009), galaxy clusters (Inoue et al. 2005; Kotera
et al. 2009; Murase et al. 2013) and star-forming galax-
ies (Loeb & Waxman 2006; Katz et al. 2013; Murase et al.
2013; Tamborra et al. 2014; Anchordoqui et al. 2014b).
The neutrino spectrum from hadronuclear interaction in-
herits the cosmic-ray spectrum, E2νΦν = 3/8 fppE
2
p Jp.
In order to connect the flux of the neutrinos and the
UHECRs of the excess, a pion production efficiency
5fpp ∼ 0.2 is assumed for an intrinsic UHECR spec-
trum falling as E−2.2. Specifically, fpp = np σpp κpp c tint,
where np is the target baryon density, tint is the duration
of the interactions and σpp ∼ 10−25 cm2 and κpp ∼ 0.5
are the proton-proton interaction cross section and elas-
ticity.
In pulsars and magnetars, the baryon target is the sur-
rounding supernova ejecta. For an ejecta mass M1 =
M/10M, the expansion speed is β−1.5 c = 109 cm s−1,
fpp = 0.2M1 β
−2
−1.5 t
−2
yr for a duration tyr = t/1 year. The
neutrino production from a newborn pulsar with surface
magnetic field 1012 G and initial spin period 1 ms is in-
dicated as the red solid line in Fig 3. Notice that the
typical time scale for a magnetar is t ≈ 300 s, so while
UHECRs can be accelerated, they are unlikely to escape
from the source (Fang et al. 2012).
Alternatively in galaxy clusters, cosmic rays can be
accelerated by the accretion shocks formed around large
scale structures, and then subsequently interact with nu-
cleons of the intergalactic medium. A typical intergalac-
tic gas density of n ∼ 10−4 cm−3 (Voit 2005) yields a
value of fpp ranging from 10
−4−10−2(Kotera et al. 2009).
Hence the neutrino flux from a single galaxy cluster pro-
viding the TA UHECR flux is far below the IceCube
detection threshold.
In star-forming galaxies, cosmic rays can be accel-
erated in the collisionless shocks produced by super-
nova explosions, and/or by the high energy accelera-
tors contained in the galaxy. The starburst interstel-
lar medium then serves as the baryon target with typi-
cal column density Σg,−1 = Σg/0.1 g cm−2, correspond-
ing to a pion production time tpp = 3 Σ
−1
g,−1H kpc Myr.
The time cosmic rays stay in the galaxy, tesc, depends
on energy. At low energy cosmic rays are confined
in the starburst-driven wind and transport via advec-
tion, so tesc ≈ 10Hkpc v−1g,7 Myr for a galaxy with scale
height of ∼ 1 kpc and wind speed vg,7 = vg/100 km s−1.
These particles undergo strong interactions as fpp =
tesc/tpp ∼ 1. At higher energy diffusion dominates, then
tesc ≈ H2/4D = 1.6D−10,26H2kpc (E/100 PeV)−1/3 Myr,
assuming Kolmogorov turbulence and diffusion coeffi-
cient D0 ≈ 1026 cm2 s−1 at GeV (Murase et al. 2013).
A spectral break at Ebν ≈ 1 Σ3g,−1H3kpcD−30,26 PeV is ex-
pected as cosmic-rays with higher energy are less con-
fined for interactions. This case is shown as red dash-
dotted line in Fig 3.
Another important class of high energy neutrino
sources is active galactic nuclei (AGN) (Stecker et al.
1991; Winter 2013; Murase et al. 2014; Dermer et al.
2014). In BL Lac objects, non-thermal photon emis-
sion from the inner jet is the dominant interaction tar-
get for UHECRs. The photomeson production rate is
fpγ = 10
−4 Lγ,45 t−15 Γ
−4
1 (b/100 eV) at time t5 = t/10
5 s
in a jet with Lorentz factor Γ1 = Γ/10 and gamma-ray
luminosity Lγ,45 = Lγ/10
45 erg s−1 (Murase et al. 2014).
The TA excess is located in the direction of Markarian
421, which is among the best candidates for a blazar
producing UHECR. This is due to the fact that Mrk
421 is both among the brightest γ-ray blazars (Abdo
et al. 2011) and is relatively close (∼134 Mpc (Gaur
et al. 2012)), allowing UHECRs to reach Earth at en-
ergies above the GZK cutoff.
However, given the low pion production efficiency of
Mrk 421, it is difficult for this source to produce the
bright neutrino flux observed by IceCube (Dimitrakoudis
et al. 2014). One caveat to this analysis is the addition
of thermal gas in the source region, which would make
it more opaque to UHECRs. However, this is difficult to
reconcile with X-Ray/TeV observations that suggest the
ratio of thermal and synchrotron photons to be ∼ 0.1
(Fossati et al. 2007)). One possible solution is an exis-
tence of high-energy hardening in the UHECR spectrum,
significantly increasing the PeV cosmic-rays responsible
for the IceCube neutrino flux.
In contrast to AGN such as Mrk 421, flat spectrum
radio quasars (FSRQs) provide a photopion production
efficiency of 1 − 10% due to interactions with photons
of the broad-line region and the accretion disk, but the
cosmic-ray spectrum must be softened above 1016 eV in
order to avoid overproduction of EeV neutrinos. There-
fore FSRQs cannot be significant UHECR sources (Der-
mer et al. 2014).
TABLE 1
SUMMARY OF SOURCE POSSIBILITY a
aestimated at typical parameters
Source Can host Can produce Reasonable
Type TA excess? the two νs? Associations?
GRB Y Y Transient
Star-forming galaxy Y Y Y
Fast-spinning Pulsar Y Y Transient
Magnetar N Y Transient
Galaxy Cluster Y N Y
BL Lac Object Y N Y
FSRQ N Y N
We summarize the above discussions in the first three
columns of Table 1. In the fourth column we indicate the
availability of such sources within 20◦ of the Hotspot cen-
ter. Notice that GRBs and pulsars are transient sources,
and their neutrino emission time (δtGRBν ∼ sec, δtpulsarν ∼
yr) is much shorter than the dispersion time in UHECR
arrivals, δtUHECR ≈ 4 × 104 (l/100 Mpc) (δα/1◦)2 yr for
every 100 Mpc propagation and 1◦ deflection in the
IGMF (Kotera & Lemoine 2008). Therefore time cor-
relation between neutrino and UHECR arrivals is not
expected for these types of sources, unless that sources
are born periodically in certain star-rich region. On the
other hand, for the steady types, we investigate the rele-
vant sources in the available high-energy catalogues and
surveys (Gao & Solomon 2003; Piffaretti et al. 2011; Ack-
ermann et al. 2012, 2013, 2014). We list a selection of re-
sults in Table 2. Future measurements will narrow down
the candidates, with high energy neutrino observation
limiting or confirming the source direction(s), and more
statistics of UHECRs helping to constrain the source dis-
tance(s) and other properties.
5. CONCLUSIONS
The recent observation of a UHECR hotspot by the TA
observatory has potentially opened the doors to a new era
of UHECR point source detections. Interestingly, the TA
hot spot also correlates with a marginally statistically
6TABLE 2
List of high energy sources around the TA hotspot and IceCube neutrino 9 & 26
Source Catalogues RA Dec offset to offset to offset to Distance Source
Name / Surveys (J2000) (J2000) HS center ν9 ν26 (Mpc) Type
MKN 421a TeVCate /1FHL 11 04 19.0 +38 11 41 15.5 12.8 24.8 134 BL Lac
1ES 1011+496 a TeVCat/1FHL 10 15 04.0 +49 26 01 7.9 15.9 28.0 1036 BL Lac
Arp 55b Fermi/HCN Survey 09 15 55.2 +44 19 55 5.7 14.4 21.9 162.7 star-forming galaxy
NGC 2903 b Fermi/HCN Survey 09 32 09.7 +21 30 02 21.9 14.1 1.2 6.2 star-forming galaxy
UGC 05101 b Fermi/HCN Survey 09 35 51.6 +61 21 12 18.2 28.2 38.7 160.2 star-forming galaxy
M82 b Fermi/HCN Survey/TeVCat 09 55 51.6 +69 40 45 26.5 36.1 47.1 3.4 star-forming galaxy
NGC 3079 b Fermi/HCN Survey 10 01 57.8 +55 40 49 12.7 22.1 33.4 16.2 star-forming galaxy
IRAS 10566 b Fermi/HCN Survey 10 59 18.2 +24 32 34 23.9 14.9 19.7 173.3 star-forming galaxy
Arp 148 b Fermi/HCN Survey 11 03 53.7 +40 50 59 14.5 13.7 26.3 143.3 star-forming galaxy
NGC 3556 b Fermi/HCN Survey 11 11 31.8 +55 40 15 18.4 24.9 37.6 10.6 star-forming galaxy
NGC 3627 b Fermi/HCN Survey 11 20 14.4 +12 59 42 36.3 26.8 27.1 7.6 star-forming galaxy
NGC 3628b Fermi/HCN Survey 11 20 16.3 +13 35 22 35.8 26.3 26.9 7.6 star-forming galaxy
NGC 3893 Fermi/HCN Survey 11 48 39.1 +48 42 40 21.7 24.4 37.2 13.9 star-forming galaxy
A1367 (Leo)c HIFLUGCS 11 44 28.8 +19 50 24 33.9 26.0 30.6 87.5 Massive galaxy cluster
A1035 d MCXC 10 32 14.8 +40 15 53 9.0 8.6 21.5 317.7 galaxy cluster
aListed as one of the most probable counterparts of the IceCube high-energy neutrinos in Padovani & Resconi (2014)
bSelected starburst galaxies detected by FERMI LAT gamma-ray telescope(Ackermann et al. 2012), sample based on the HCN survey of
Gao & Solomon (2003)
cOne of the three galaxy clusters with gamma-ray excess at a post-trial significance of 2.6σ (Ackermann et al. 2014)
dAn example of nearby X-ray clusters selected from MCXC catalog (Piffaretti et al. 2011)
ehttp://tevcat.uchicago.edu
significant overabundance in the IceCube neutrino flux.
We find that the morphology and spectrum of the TA
and IceCube observations are consistent with each other.
Moreover, among possible scenarios, a single source with
the type of star-forming galaxy can successfully host both
excess at the same time.
Again, we caution that the correlations presented in
this work are highly tenuous, given the extremely small
statistics in both the IceCube and TA datasets. How-
ever, this fact conversely makes the possible detection of
a single point source appealing, since upcoming data re-
leases by IceCube and TA should confirm or rule out this
detection.
Shortly after we submitted this work, the IceCube Ob-
servatory updated the high energy neutrino list obtained
from unbinding the 2012 - 2013 data (Aartsen et al.
2014). Three additional events were found in the north
hemisphere (not including event 37 which is a track event
with very low deposition energy and is highly possible to
be a background event). With the 3-year IceCube data the
significance of event 9 and 26 overlapping with the TA
excess drops to 1.6σ, but the conclusions of this paper
remain unchanged.
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